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EFFEC% OF ( a,n ) COW’TAMIWAfJ’NAND SAMPLE MULTIPLICATION
ON STA’!’lSTIOiL NY~lKS4 CORRELATI~ NEMUP.EMSNTS

E. J. Dowdy, G. E, Hansen, A. A. Robba, and J. C. Pratt
Los Alanros Scientific Laboratory

Los Alarnos, New Nexico, 87545, USA

ASSTRACT

The complete formalism for the use of
statistical neutron fluctueticrr measurements
for the nondestructive assay of fissionable
materials has been developed. This formalism
includes the effect of detector deadthne,
neutron ❑ultiplicity, random neutron pulse
contributions from (cr+n) contsnunants in the
sample, and the mrrrplemultiplication of both
fission-related ati background ncutrcns.

1. Introduction——

Det.ectlng and analyzing the !’]me mrre-
laticms in the pulse trains from r,e~tron
detectors has become the establis!,?(’ met,wd for
nondcstrxtive assay of sample:, containi-,g
plutontum. Tir,LJ correlations rw?sut frc.1, the
rr(]lt:[li city of ncutrrm~ mittf+ i a fis:lorl
.’vent OK from chain mrrelated fl$,sion events,
in the case of multiplying samp~es. TIP?
prescncc of }hcsc time mlrelationr prcvide~
fo: the po :;ihillty of sepa~atinrj thp contritiu -
ticnr, to th,, pulse train of fissiori tmd random
neLLrGn emitling events. This separation ha~
been attempted in various wayg with vnry;llq
degroos of SWCCSS. The techniques h,svc

employed count time gates associated with
variable dearltime circuits] or coincici?nce
5 ircuitsz and contiguous time interval~
as~ocibterl wit,? reduced variance logic
Ci:cuits, 3~4 An axperimenthl comparinon5
has jecn made of vfrr~ab)e ‘&adtim~ circuit and
thr shift register mincidrncc rircuit,6 all[i
a theoretlca] compcrison7 hns been made of
.thv mirtrirlencr and rwduccwl valiance meth>dfi,
In the forrru t~port, the shift reqistel t?ch-
niqllc was trhowr tcl be a more acc~rate arl~ay [L~t
plutonium than tho varlat,le rMadtimc techniqur
rrvcr a wldr rango of unmple sizo~, In tho
lattel report, the shift rag!ster technique wnc
sfiirl to be difficult to analyse fully, and it
is alwr:ulat~d that the reduced vstirmco t?ch -
niqw, appnlr~ tr. extract more information from
enc.), gntn per Irxl and might thereforp offer mc)lo
crficient urrc of t.h~ mea~ur~ment tim~ availal~lo,
p:c>vfdinq qroato[ accu~acy fol the nam+l overnll
tlmo or lrIrR time r.rmnumed for thv namr

arc”uracy. ‘r;lit4 npor.ultrtloo may r~nult, frnm
ttrr roal(ratl,x} that th? reduced variance
met!md rc+totnr! the hjslory of the puln~ POPI-.

lati(m in m Indivlrluml time gate whe:~ar th~
coinidefl,mr mothndu avetaqo all or the indi-
vldunl tim~ gatr pu]nm prrpllntirrr~. .

method, and were the first to accurately assay
larqc multiplying plutonium metal samples (up
to 4.1 kg) by making use of this method.4 We
continue to be motivated to explore the
aPPli~atiOn Of the reduced variance method to
special nuclear material (SN?4) assay and have
eqanded thu formalism to Include multiplying
samples other’ than pure metals.

In the earlier paper,4 the basic formal-
ism. for assay af plutonium using the reduced
variance or neutron fluctuation technique was
presented, This version of the formalism was
limited to the special case in which all
neutrons originatr? in fission ●vents, either
spontaneous or induced, It was shown that pure
plutonium metal samples, even those for which
multiplication was significant (?2), could be
assayed using this technique, In addition, it
was shown that the assay of nonmultiplying
samples containing (:z,n) cmtaminants was
p’)s:lble.

Prrrrented in this peper is the complete
formalism fcr the use of neutron fluctuation
measurements for plutonium assay. It accounts
for sample multiplication and (O,n) contamll-
nants in addition to s~ntaneoufi fissionc in
the s?mple. The effect 01 detector deadtim.’
on the measurement is catried completely
through this formalism, Measurements t Lnrr

252cf a~fl (ci,n) eources ar{’no.~rrrultiplyinq
discussed and the resultr u~ed to determine thr
parameter!: ( , “I, an’.l !, the efficency, dearl-
time, and djeaway t!mc of our detection Syct-m.
The intervnl aizr. utrerl in neutron fluctuatirm
mea6uremontfi i~ optimized to produce a minimum
fractional statistical error for a fixed
m,untinq time in Q, the mea~urcmrnt val~w tlat
ii: proportions; to tllo time correlat~d neutlon
munt rate from the aahlple,

We mnrrirler a ayctem in which nt3utton~ nrc
produced hy (Il,n) r~hctionn, Bpontane(>ur.
fin~lrm rwrd neutron induced fisfiion. We uro
tho follnwlnq formri for P(t) and Pr (t)/ thv
prohritility that a neutron Lntrl at tlmo 0
prr)dur~c a pulne in rlt atrrut t al~d tho

prohnl, iljty that n nmutron born at time O
pr,vlu~rl~ n finnioll in dt alx,llt ~, respectively

P(t)rlt ‘1 Pe-fitd!
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All of the vmriablea ●nd parutetera in
this ●xpreaaicm ue kmun or i.easured except

for ‘he multiplicationH which is thence
determ~ned kW obaervatia, of ~. The ~unt
rate, co, which in proportiaal to the
●ffec:ive 240PU mas.c, ia than- determined
from Co ■ C/M.

?or anotfir special caoe, of a

nmmul tiplying sample containing (“lrn) e.murc~r ,

we ●et kp ■ O, and abtai;]

where

This ●xpreaaia can tre aolv~ diract!. y for ~o.

~. kMpurlmental Methcd———— .

Ttw systcm ttmt 1, used for eur invent l-
Qatlaisof the reduced vsrianca meLkmtl CXMI-
●lnta of ● t~lcal largt (Ncm x 60cm x 70cm)
polyt.!une-tier ated wll type nvutrc.rr &tertor
with mixteen 2.5-an rliamete~ , 60-cm lu’rg 3HrI

proportlrmal aiuntere, knaucimtett logic PlnP
~eneratlng ?Icctronl<m, and a ■ir?roNDVA

omputcr lnte:cwx.d to t~ elactronim via

sMlOr/timer i!; ).: rf~e brmrdm. Total
maasuremerrt tlma e?d i~lv!dual tiw bl:l
wldth~ can be uaol si.lucted via a keybmrd or
●ay b placed w#.v; mt.war~ mntrol for
Wamctllc Deaaur’. l,,lt,.. The reduced varianr?
●?gorittm ~~la fcx t’% ~rumulatlut of th?
qlwte mutron fJJlav dittrlbutlrm and th
oalculatlm of tkm Clrmt throqh foilrth rp-xmntn
of tkw dimtrlbutlm ●but km origin and thm
-Inatima of tlw~e n,~enta raqui red for tkw
● rror rnalyslm 01 *,



4. Results

~he data in Table I were obtained assuming
that Co, the average nrrmber of rs3untS per
intexval due to fission, d-s not charge when
additirmal random (a, n) source neu~ons Me
●dded to the system. These data were ?itted by
ueighted least aqurres with the ●xpressicm for
& above u8i ng_the value
V. . 3.74 and V. - 15.54 f= 25~f @

obtain:
c - 0.1594 ~ 0.0019
‘T ● 1.332 t 0.0095 ~ls
B ■ 0.01488 ~ 0.00047 MS-I

A very interestir result of this analysis
routine is that the efficiency of the neutron
detector has beet? determined without the use of
calibratia standards.

For any peasurenent of Q, the standard
deviatirm of Q, UQ, cr,n be readily determined
using the mrxnenta:

where N j.s th~ number of count intervals in

the me?isurement and the variances and covari-
anceG of c, T, and P are available from the
least oquares fit stove:

CflP - 1.363 X 10-6

a!, - 5.599 x 10-6
(l:. = -0.6013 X 10-6

—
It i~ asaurned that. m.wariances between ?, C2,
and T, [, f are zero because these sets of

values are obtained from different measurements.

14easurementfi of Q were made with a 252Cf
source and a cemstant run time (2OOC e) with
interval siz? To varied over ● wide range. A
plot of the ra~io UQ/Q la given in Fig. 1.
Th16 stwtsi ah optimum intarval miz? of
awroximately 1501,6, on the order of twice the

—.. --.—-v _. -—

///”””
-_.. Sk – --ri:-)-

Mri w,”,,,l,;;P-’---

ritj,I

Again, using the detector rsystem for which
the parameters T, c, and S have been determined,
and the expressions for ~, the effective 240Pu
mass and multiplication an be determined for
~re metal samples, and the effective 240Pu
mass can be determined for any nonmultiplying
sample.

5. Conclusions

The mmplete formalism for the determin.r-
tirm, using the reduced variance or neutron
fluctuaticm method, of the fissim co-related
pulses in a pulse train from neutron .3etectors
has -n developed. The formalism explicitly

includes the effects of detector efficiency,
deadtime and dieaway time, and contributions
from (r,,n) and induced fissim events. An
●rror estimator has also bean provided. The
formalism hss been used to completely
characterize a neurxon well counter used for
plutonium sample assays. We have shown how the
●ffective 240PU mass and multiplicatim can
be determined for metal plutonium samples
without the parametric msthod invoked in our
earlier paper, and how the effective 240PU
mass can be determi~d for any rvxrmultiplying
sample containing (i;tn) sources. We have not

et used the formalism for the determination of
340 Pu mass in multiplying fia~.pies rxmtaining
((i,n) sources.
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